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Aqg^MERATTON OF ALUMINA MATERIAL 
This invention relates to a process for the 
agglomeration of alumina containing material substantially 
comprising Al 2 0 3 .nH 2 0 where n is in the range of 
5 from zero to 3. The invention also relates to 
agglomerated granules produced by that process. 

Fine powder or dust of such alumina containing 
material (herein called "alumina powder") is difficult to 
handle and has poor flow characteristics. As a 

10 consequence, by-product alumina powder from the Bayer 
process presents difficulties. In the Bayer process, 
precipitated alumina trihydrate is filtered, dried and 
calcined to yield high purity alumina product of a 
relatively narrow size spectrum, for use in an 

15 electrolytic smelting operation. By-product alumina 
powder, referred to as fines, superfines and sometimes as 
ESP dust, is recovered by multicyclones and/or 
electrostatic precipitator collectors from the calcining 
stage and typically has an average particle size of less 

20 than 30>im. In addition to being difficult to handle and 
having poor flow characteristics, by-product alumina 
powder can not be readily digested if recycled to the hot 
caustic digestion stage of the Bayer process. Also, if 
added to the alumina product for use in the smelting 

25 operation, it increases the size range and dustiness of 
the product. 

There is a need to be able to agglomerate alumina 
powder into a coarser product of a size range which 
approximates the preferred size range for the smelting 

30 operation. However, there also can be benefit in ceramics 
manufacturing in being able to agglomerate fine alumina 
powder, whether this is ESP dust or is from another source. 

In ceramics manufacturing, fine micron sized ceramic 
powders are agglomerated by spray drying, using an organic 

35 polymer, such as PVA, as a binder. The purpose, however, 
is to make weak granules that act as a flowable precursor 
to facilitate pressing of low porosity green bodies of 
ceramics, prior to firing. However, these granules are 
essentially friable and weakly bonded, and may be degraded 

40 when handled or transported. Thus, agglomeration with 
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such organic polymers is of limited benefit. 

We have found that alumina powder can be agglomerated 
by use of a suitable inorganic binder. 

According to the invention, there is provided a 
5 process for agglomerating powder (herein referred to as 
"alumina powder") comprising alumina containing material, 
using a binder comprising a polymer form of a hydroxy salt 
of aluminium. In the process, an agueous slurry of the 
alumina powder, containing a sufficient quantity of the 

10 binder, is subjected to a spray drying operation to form 
agglomerated granules, and the granules then are calcined 
at an elevated temperature for their consolidation; the 
alumina material comprising Al^Og.rtf^O where n is in 
the range of from zero to 3* 

15 The alumina containing material may be fully 

dehydrated alumina, fully hydrated alumina, partially 
hydrated alumina or a mixture of these forms. Where 
resulting from calcination of alumina trihydrate, the 
material may be of high purity ♦ However, the material may 

20 be other than of high purity, comprising for example 
relatively high grade bauxite fines or powder. Where the 
alumina containing material is other than of high purity, 
it preferably has an alumina content (calculated as 
A1 2°3' i,e * with n being zero) of at least about 80 

25 wt%. 

The alumina powder may comprise ESP dust resulting 
from calcining trihydrate in the procedure of the Bayer 
process. However, the alumina powder may be from other 
sources. The alumina powder may have an average particle 
30 size of less than 30pm, although alumina powder of larger 
particle size can be used, subject to its suitability for 
spray drying. 

The polymer used as the binder preferably is one 

based on units such as of the form Al (OH) (3x-y)+ 

x y 

35 The polymer can be formed by the action of a base such as 
NaOH on a suitable aluminium salt, such as the chloride, 
nitrate, sulphate or oxalate. Alternatively, the polymer 
can be formed by the action of an acid on a suitable 
aluminium compound such as alumina trihydrate. In each 

40 case, the action of the base or acid is to form hydroxy 
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aluminium speci s. At relatively low pH levels, the 
species tend to be in solution as a monomer, such as 
Al(OH)_. At increased pH levels, such as in excess of 
about pH3, polymers of the general form 

5 Al (OH) ( 3x ~Y) + tend to form ana to increase in 
molecular weight with both pH and time. At a pH in excess 
of about 6 the polymer tends to form a visible precipitate 
of complex polymer forms, to provide a colloidal 
suspension. Also, the polymer generally is hydrated, with 

10 the extent of hydration appearing to vary with the level 
of polymerization. 

The binder necessitates control over the pH of the 
slurry in order to ensure it is present in a suitable 
polymerized form to provide the required functioning as a 

15 binder. At low slurry pH levels, such as below about pH 
3.0, the binder typically is present essentially as a 
monomer ana does not function as binder. The slurry 
preferably has a pH in excess of pH 3, such as in excess 
of pH 3.5 and preferably of at least 4 to ensure 

20 agglomerated granules of sufficient integrity. At high pH 
levels, the polymer is found to be excessively 
polymerized, such that it is present as non-binding 
species. To avoid this, it is desirable that the pH be 
less than about 10, preferably less than about 8.5. 

25 Accordingly, the pH of the slurry desirably is from about 
3 to about 10, preferably from about 3.5 to about 8.5, and 
most preferably from about 4 to about 6. 

While the binder tends to be present as a visible 
precipitate at higher pH levels, this is found not to 

30 detract from its functioning as a binder when used in 
accordance with the invention with a slurry having a 
higher pH. This, of course, assumes that the pH of the 
slurry is not so high as to result in the binder forming 
non-binding species. It appears that the precipitate 

35 forms on or adheres to particles of the alumina powder of 
the slurry such that the precipitate is available to 
function as a binder. 

It is found that, under some circumstances, a pH in 
excess of about 6 can result in granules which do not 

40 maintain adequate integrity. In general, this occurs when 
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the alumina powd r is relatively coarse, such as alumina 
powder having an average particle size in excess of about 
30ym. However, where this is the case, there are two 
options available, namely: 
5 (i) to restrict the pH range to an upper limit of 

about 6, 

(ii) to include in the alumina powder a sufficient 
proportion of alumina powder of less than 
30pm, such as a sufficient portion of ESP 

10 dust, or 

(iii) to utilize a variant of the invention 
detailed later herein. 

Where option (ii) is adopted, the proportion of alumina 
powder of less than 30ym can range up to at least about 

15 10 wt% relative to the weight of coarser alumina powder. 

The pH of an aqueous slurry of alumina powder, as 
formed, can be as high as about 11. The pH is adjusted to 
a value in the required range, preferably before addition 
of the binder. This adjustment may be by addition of a 

20 suitable acid, such as hydrochloric acid. Other suitable 
acids include, nitric, formic and oxalic acid. 

The alumina powder solids content of the slurry can 
vary in accordance with normal requirements for spray 
drying. The maximum solids content is determined by 

25 slurry viscosity and ranges from about 48 wt /volume % to 
about 56 wt /volume %• 

The level of binder required in the slurry can vary 
widely. It can range, in Al^O^ solids equivalent, up 
to 30 wt% binder relative to the wt% of alumina powder, 

30 although higher levels can be used, if required. The 
lower level of binder, in A1 2 0 3 equivalent, is 
preferably about 10 wt%, relative to the wt% of alumina 
powder, in order to achieve satisfactory agglomeration, 
although lower levels down to an A1 2°3 solids 

35 equivalent of about 2.5 wt% can be used, if required. 
However, where the solids equivalent is less than 10 wt%, 
it gen rally is necessary to have recourse to the 
above-mentioned variant of the invention. 

As indicated, the binder preferably is added after 

40 the alumina powder slurry has been formed, and the pH of 
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the slurry has been adjusted to the required rang . In 
such case, the binder may be added as an aqueous solution 
or dispersion of a suitable concentration, such as of 40 
to 60 wt/v%. The binder can be formed as summarised above 
5 based on use of for example alumina trihydrate and a 
suitable acid or an aluminium compound such as the 
chloride and a suitable base. However, as an alternative 
to adding the binder after the alumina powder slurry has 
been formed, the binder can be formed in situ by charging 

10 the trihydrate and/or alumina- powder, such as ESP dust, 
and also a suitable acid solution to a reactor to form an 
acidic aluminium hydroxide solution (i.e. binder 
monomer) . The alumina powder to be agglomerated then is 
added to the acidic solution to form the slurry, and to 

15 neutralize the acid to pH level suitable for 
polymerisation of the binder. In either case, it will be 
appreciated that it generally will be necessary to add an 
appropriate amount of a suitable dispersant to facilitate 
slurrying of the alumina powder, as also is desirable 

20 where pre- formed binder is added to an alumina powder 
slurry. 

The agglomerated granules produced by spray drying 
can be calcined at temperatures at least up to about 
1200°C. Calcining at temperatures in excess of 1200°C can 

25 be used, at correspondingly reduced calcining times, but 
in general do not achieve any enhancement in attrition 
resistance of the resultant granules. At calcining 
temperatures below about 600°C, the granules may not have 
optimum attrition resistance. A calcining temperature of 

30 at least about 600°C therefore generally is desirable, 
although about 800 °C to 850 °C is a preferred minimum 
calcining temperature if excessive calcining times are to 
be avoided. The calcining temperature most preferably is 
from about 900°C to 1200°C to ensure adequate to good 

35 attrition resistance. 

References are made above to a variant of the 
invention. The variant is particularly applicable where 
the 1 vel of binder is less than about 10 wt% solids as 
A *2°3 ec J u * va l ent * However the variant can be used, if 

40 required, where the binder is used at higher levels. The 
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variant also is particularly applicable where the alumina 
powder to be agglomerated is or includes ESP dust, 
although it also is applicable where an alternative source 
of alumina powder is included ♦ Additionally, the variant 
5 facilitates use of the binder at pH levels in excess of 6, 
such as at a pH up to about 8. 

In the variant, the alumina powder to be agglomerated 
comprises a blend of alumina powder as previously 
considered (essentially unactivated alumina) with 

10 activated alumina. The blend can be formed prior to or in 
forming the slurry. The activated alumina may comprise up 
to about 50 wt%, or more, of the alumina powder to be 
agglomerated but preferably does not exceed about 60 wt%. 
The activated alumina preferably is present at at least 

15 about 5 wt%, such as from about 10 to about 50 wt%. 

The activated alumina may have an average particle 
size similar to that of the unactivated alumina powder. 
However, the activated alumina preferably has a lesser 
average particle size. Thus with, for example, ESP dust 

20 having an average particle size less than about 30pm, but 
in excess of about 10pm, activated alumina having an 
average particle size of from about 10pm down to about 2 
pm can be used. 

The activated alumina particles preferably react to 

25 form a gel with water, which acts to cement together 
particles of the unactivated alumina powder. To assist in 
forming such gel, the activated alumina preferably has an 
average particle size which is less than that of the 
unactivated alumina powder, or at least a significant 

30 proportion of fines facilitating gel formation. The 
resultant granules thus typically comprise aggregated 
particles coated with a film, with the film resulting from 
reaction of the activated alumina with water and typically 
exhibiting the form of pseudo boehmite crystals. 

35 At least where, in the variant of the invention, the 

binder is present at an A l 2 °3 s °lids equivalent of 
less than about 10%, the agglomerated granules resulting 
from spray drying and calcining can exhibit an 
insufficient resistance to attrition. However, it is 

40 found that resistance to attrition can be enhanced to a 
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suitable level by subjecting the granules to an aging step 
prior to calcining. Specifically, it is found that this 
is achieved by aging the spray dried granules in steam for 
a sufficient time, such as at a temperature of from about 
5 70°C, such as from 70 to 80°C. Depending on the actual 
temperature of the aging step, aging to from 1 to 2.5 
hours can be appropriate. 

At least where based on use of high purity alumina 
powder, the granules have the benefits of being white and 
10 substantially free of metal species other than aluminium. 
Each of these factors are desirable where the granules are 
for addition to alumina product for smelting or for use in 
ceramics production. 

The invention is further illustrated by the following 
15 Examples, in which: 

ESP designates a variable mixture of alumina, alumina 
hydrates and partially hydroxylated alumina, 
comprising ESP alumina dust samples obtained by 
electrostatic precipitators of a commercial Bayer 
20 process operation. 

A. A. designates activated alumina prepared by injecting 
500 gm quantities of 7\i alumina into a 2.7 m long, 
flash calcination tube furnace of 75 mm diameter, 
with recovery in a cyclone with underflow valve open 
25 or closed to alter quenching temperature, tube 

residence time variation from 0.05 to 0.10 sec, and 
samples sealed in tins until required. 
CP3 designates 3pm activated alumina available from 
Aluminium Company of America. 
30 EXAMPLES 1 TO 14 

In this series of Examples, aqueous slurries were 
prepared with a range of alumina powders. The slurry 
compositions are set out in Table 1. 

35 



40 
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The slurries were spray dried. Following this, 
selected samples were calcined in a muffle furnace for 1 
hour at 600°C, 800°C, 900°C, 1000°C and 1200°C. 

In each case, the slurry subjected to spray drying 
5 comprised approximately 2 kg of alumina powder dispersed 
in water by use of a conventional dispersant. 
Hydrochloric acid was then added to the slurries to adjust 
the pH to 4, 6 or 8, after which binder was added to 
achieve a binder solids content, as A1 2 °3 equivalent, 

10 relative to the alumina powder of the slurry of from 2.5 
to 30 wt%. The binder use was aluminium hydrochloride, 
having an empirical formula of Al 2 (OH) 5 Cl. The 
maximum solids content of the slurries was dictated by the 
need for an acceptable viscosity and, in each case, ranged 

15 from 48 to 56 wt/v%. During spray drying, the inlet gas 
temperature was about 180°C, and the exit gas temperature 
was about 130°C. From full data obtained, important 
features are discussed in the following. 

Based on Examples 9, 1, 2 and 3, respectively, 

20 binder level was tested at 2.5%, 10%, 20% and 30% at pH 
4. The granules produced at the 2*5% binder level 
collapsed on handling after spray drying, but before 
calcining. However, the granules at the other binder 
levels were able to be handled and, after calcining, found 

25 to have good resistance to attrition. Granules obtained 
with Examples 13 and 14, with respective binder levels of 
20% and 10% at pH 8, were calcined at various temperatures 
up to 1200°C. After calcining, the attrition resistance 
of the granules was measured by screening for 20 minutes 

30 using a set of standard root 2 sieves on a Rotap shaker. 
Representative results are set out in Tables 2a (Example 
13) and Table 2b (Example 14). 

35 
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Examples 2, 4 and 5 illustrate performance over the 
preferred slurry pH range of 4 to 8 to control 
polymerization of the binder used at a 1 vel of 20 wt% 
A1 2 0 3 solids equivalent content. Below this range, it 
5 was difficult to achieve polymerization while, above the 
range, binder action was lost due to excessive 
polymerization. At the respective pH values of 4, 6 and 8 
for Examples 2, 4 and 5, granules were calcined and 
subjected to Rotap screening essentially as for Examples 

10 13 and 14. In each case, the granules calcined at 600°C 
were handlable, but showed lower attrition resistance than 
those calcined at 900°C or higher. There was little 
evidence of variation in performance due to variation over 
the range of pH 4 to 8. Selected data is set out in Table 

15 3. 
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With samples produc d by Example 2, using bind r at 
20% A l 2 °3 solids equivalent, XRD analysis conducted on 
agglomerated granules calcined to 1200 °C indicated in 
excess of 89% alpha alumina. 
5 Examples 1 to 5, 9 and 13 and 14 show use of the 

aluminium hydroxchloride based binder acting alone as a 
binder. In contrast, Examples 6 to 8 and 10 to 12 show 
use of that binder in combination with activated alumina, 
with the latter enhancing binding by forming a film of 

10 pseudo boehmite which adheres to the particles of the 
unactivated alumina powder. The activated alumina allows 
use of less than about 10 wt% ^ 2 °3 solids equivalent 
of the Al 2 (OH) 5 Cl based binder. However, activated 
alumina is not able to be used alone, to achieve beneficial 

15 agglomeration of ESP dust. Specifically, the 
A1-(0H)-C1 based binder is necessary to ensure that 

2 D 

the agglomerated granules, prior to calcining, have 
sufficient cohesiveness to promote handleability and 
resistance to attrition. However, the A1 2 (0H) 5 C1 
20 based binder also is believed to contribute to resistance 
to attrition after calcining compared with use, if 
possible, of activated alumina without Al 2 (OH)^Cl 
based binder. 

Examples 10 to 12 illustrate spray drying tests 

25 based on use of activated alumina. In Examples 10 and 11, 
7]i activated alumina powder was used, while that for 
Example 12 was 3ji activated alumina powder. In each 
case, the spray dried agglomerated sample was collected, 
placed in a steam bath at 80°C for 2 hours, dried and then 

30 calcined at different temperatures for 1 hour. 

The sample of Example 10, with an 80/20 ratio of 
ESP/AA, substantially collapsed when subjected to Rotap 
screening, indicating a need for a higher level of 
activated alumina and/or of a higher level of 

35 A1 2 (0H) 5 C1 based binder than the marginal level of 2.5 
wt% A1 2 0 3 solids equivalent. With Example 11, the 
-53*i fraction after Rotap screening increased from 3.1% 
after calcining at 150°C (in effect, after drying), to 
7.7% after calcining at 900°C. For Example 12, the 

40 increase for those temperatures was from 5.5% to 6.0%. In 
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summary, the effect of the aging of spray dried 
agglomerate granules with 50% activated alumina and 
A1 2 (0H) 5 C1 based binder at 2.5 wt% A1 2 0 3 solids 
equivalent^ prior to drying/calcining, as shown by 
5 attrition resistance, is similar to use of A1 2 (0H) 5 C1 
based binder, without activated alumina, at higher levels 
of at least about 10 wt% ^2°3 sol * ds equivalent. In 
this regard, it will be noted that the -53p fraction of 
7.7% for the Example 11 sample calcined at 900°C is 
10 comparable to the -53y fraction of 6.55% for the Example 
14 sample calcined at 900°C (see Table 2b). 

Attrition testing results by Rotap screen, obtained 
with Examples 11 and 12, are set out in Table 4. 
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Examples 6 and 8 show use of activated alumina, at 
levels corresp nding to Examples 10 and 11, but with 
A1 2 (0H) 5 C1 based binder at 5% A1 2°3 solids 
equivalent. However, in the case of Examples 6 and 8, 
5 attrition resistance after calcining was tested on samples 
which had not been subjected to steam aging before 
calcining. The results are detailed in Table 5, and the 
high attrition rate (shown by the -53ji fraction) 
indicates the need for aging at that level of 

10 A1 2 (0H) 5 C1 based binder. The results of Examples 11 
and 12, despite each having a lower level of 
Al 2 (OH) 5 Cl based binder, make clear that steam aging 
contributes to attrition resistance, at least unless the 
level of A1 2 (0H) 5 C1 based binder is about 10 wt% 

15 Al-O- solids equivalent or higher. 
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The accompanying Figures show four representative 
photomicrographs, in which: 

Figure 1 is based on a sample of Example 5 calcined 
at 900°C, at a magnification of X450; 
5 Figures 2 and 3 are based on samples of Example 5 

calcined respectively at 600°C and 900°C, and each but are 
at a magnification of X5,000; and 

Figure 4 is based on a sample of Example 2, calcined 
at 900°C, at a magnification of X5,000. 

10 Figure 1 shows clearly the excellent sphericity of 

the agglomerated alumina grains obtained by the present 
invention* While Figure 2 shows evidence of some fine 
gaps (or cracks) in the granules as calcined at 600°C / 
Figure 3 shows little evidence of such gaps after 

15 calcination at 900°C. 

Comparison of Figures 3 and 4, for which the 
originating alumina powder slurries had been adjusted 
respectively to pH B and 4, indicates similar overall 
agglomeration. However , Figure 4 shows less evidence of 

20 small 0.2p "clumps" on the surface of particles of the 
granules. 
ESAttPfrES 15 TO 17 

These further Examples were to identify the range of 
conditions, in terms of pH and temperature, required to 

25 produce handleable microgranules of alumina powder 
comprising ESP dust. As in the previous Examples, 
slurries of the alumina powder were spray dried, using as 
binder aluminium hydroxychloride polymer. In each case, 
the binder was added as a 20% solution, providing 10% 

30 solids equivalent of the polymer (5.8% A1 2 °3 solids 
equivalent). The slurry pH for the Examples was 4, 6 and 
8, respectively. 

The pH range was restricted to an upper limit of 8, 
since pH values above 8 were found to increase the 

35 viscosity of the slurry. The increase was to such an 
extent that the slurry could not be pumped using the 
peristaltic pump employed for pumping the slurries from a 
sump to a standard, twin fluid atomiser nozzle mounted on 
the spray drying installation. The spray dryer used in 

40 these, and also Examples 1 to 14, was constructed of 
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stainless steel, and had a height of about 5.0ra and a 
diameter of about 0.8m. It employed a radial fan to 
provide the c unter-current air flow required for drying. 
An LPG burner was used to heat the counter-current air, 
5 while compressed air was supplied to the nozzle to atomise 
each slurry during drying. 

After spray drying, but before calcining, a standard 
sample splitting technique was used to split a respective 
representative sample, of about 80g, from the bulk of 
10 microgranule product produced for each slurry. Each 
representative sample was then subjected to size analysis 
by being screened for a period of 5 minutes, using a set 
of standard root 2 sieves of a "Rotap" screen shaker. The 
results are detailed in Table 6. 

15 



20 



25 



30 



35 



40 



WO 94/14988 



-21- 



PCT/AU93/00683 



0) 

> O* 

•H C 

-P •H 

— 4 OJ CO 

B CU 



a 



rH 
O 

e 

CD 

K 
W 



VD rH 



a 



-P 



> 
•H 
-P 

(0 



C 



CO 

co 



— O 



e 

as 
W -P 



0) 

> D» 

W (D W 

^ H W 



X 

a 



in 



rH 

o ^ 

e en 

CO 
W 



C 

a) 

Q) 

o 

CO 



£ 
3. 



CD 0) 

-P N 

O fH 

a; co 



o 
o 



cTvoooooco^or^cNtn^o 



o 
o 



cn co <n cn en 

C7t C7) GO VO 



VD 

in 



0> CO 
CN i-H 



B 

3- 
CO 
CO 

in 

CO 



O CN CM 
O O rH 



in ^ O 
O CO VD I s ** 



CO 

CO 



CO 

in 



cn 



CN 
<N 



o o 



co in r** 



CO VD CN CO 



CN 
VD 



CO 

in 



o o o in cn in cn 
o o o cn ^ ro 



o 



in 



co in cn o 
tt cn ^ o 



o o o 
o o o 

i-H i-H f-H 



cnr^cococovDCNr^ 

Cft 0\ 0\ CO CO I"** VO co 



rH O 



e' 

o 
in 

co 



oooinovocnvoco^ 

OOOOVDTTrHcnCOCA 



CO VD 

vo in 



O O O O CN CO TT 



VD CN CO CO O 
rH CN CN rH 



rH 
O 



o o o o co r*** in 
o o o o cn co co 



in vo o tj 1 o 

rH CO VO CO O 



o o o o 
o o o o 



cnvootncnincNvo 
cncncrtcor^vD'^rH 



B 

PL 

in 
co 

co 

CN 



OOOOCNOOOrHCNOCNCn 

ooooo^3»<N^j«vDma>r^co 



ooooocotninin 



N H 1 
rH CN CN 



in 



cn 



o 

VD 
CO 
CN 



o 
o 

CO 



o o o 
co m o 

rH CO VD 



in 

CN 



O 

o 

CO 



CN 
iH 
CN 



O 

in 



VD 

o 



in 



co 
in 



co 
in 



m 
-P 
O 
H 



0) 
N 
•iH 
CO 

0) 
CP 
CO 
U 
to 
> 
< 



SUBSTITUTE SHEET (RULE 26) 



WO 54/14988 PCT/AU93/00683 

- 22 - 

As can be seen from the values indicated at the foot 
of Table 6, the average size increased with slurry pH. 
The variation in average size with pH is caused by the 
change in the slurry elastic viscosity with . pH, and 
5 demonstrates how the "coarseness- of the spray dried 
product can be controlled. 

From plots of the size distributions of Table 6, 
i.e. of cumulative % passing against screen size, it is 
evident that the product of Examples 15 and 16 have a 

10 sharp inflection point at around the lOOpm size. This 
indicates that a large percentage of the raicroagglomerate 
produced in those Examples lies in the very fine end of 
the size range (-53|im). A similar plot for Example 17 is 
a much flatter curve, indicating that less fine 

15 agglomerates are produced at about pH 8 than at pH 4 and 
pH 6 as used for respective Examples 15 and 16. The 
product for each Example was within Smelter Grade Alumina 
(SGA) size range requirements, and was flowable and 
dedusted. However, the results of Table 6 indicate that 

20 the relatively high pH of 8 used for Example 17 is the 
most suitable to produce agglomerates suitable for SGA 
inclusion. Also, of course, a higher pH has the cost 
benefit of minimising acid consumption. 

After spray drying of each slurry, a respective 

25 selected sample of resultant microspheres was then 
calcined in a muffle furnace as used for Examples 1 to 
14. Calcining was for 1 hour at 600°C, 800°C, 900°C, 
1000°C or 1200°C. Using a simple Rotap screening test on 
duplicate samples for 5 or 30 minutes, resistance to 

30 attrition was determined by obtaining attrition values 
(AV) by the following calculation: 

AV = 1QQ (x- y) 
100-y 

where x is the sample -53pm wt% after 30 minutes and y is 
35 sample -53pm wt% after 5 minutes. The results obtained 
are summarised in Table 7, showing variation in AV with 
drying or calcination temperature. 



40 



WO 94/14988 PCT/AU93/00683 

- 23 - 
TABLE 7 

Drying/ Attrition Value (%) 

Calcination Ex.15 (pH 4) Ex.16 (pH 6) Ex.17 (pH 8) 



5 150 0.50 0.55 10.03 

600 0.38 0.05 5.07 

800 0.21 0.06 * 

900 0.07 0.09 4.17 

1000 1.44 1.47 6.82 

10 1200 0.74 • 1.50 4.56 

* To be determined 

In relation to the results detailed in Table 7, it 
is to be noted that the lower the AV, the more resistant 

15 to attrition are the granules. It is evident from Table 7 
that for Examples 15 and 16/ calcination up to about 900 °C 
provides granules with the greatest resistance to 
attrition. However, these Examples required a relatively 
large acid addition to adjust the slurry to the respective 

20 pH levels of 4 and 6, and this adds to the process cost. 
Indications are that an optimal pH range, when cost is 
factored in, lies between 6 and 8, with an optimal 
calcination temperature for the spray dried microgranules 
being between 800 °C and 900 °C. 

25 The surface area of the spray dried and calcined 

microgranules of Examples 15 to 17 was measured using a 
standard BET technique. The results, shown in Table 8, 
indicate that calcination to 900°C, of microgranules 
produced by spray drying a slurry at pH 8, results in 

30 microgranules with a surface area inside the range 
specified for inclusion in SGA. Table 8 also includes, 
for comparison, selected surface area determinations for 
the ESP dust used and for the microgranules of Examples 4 
(pH 6) and 13 (pH 8). 
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table; a 

2 

Surface Area (nrVq) 





Calcination 
fc\ 


ESP 


Ex.15 


Ex. 16 


Ex.17 


5 


Nil 


46.96 










150 




41.63 


* 


37.86 




600 




103.08 


135.64 


92.50 




800 


34.36 


103.67 


92.22 


80.25 




900 




65.10 


* 


62.14 


10 


1000 




47.52 


43.34 


48.35 




1200 


19.89 


3.80 


7.90 


8.04 



Ex.4 Ex.13 



* Value to be determined. 



56.60 36.85 



15 



20 



25 



Table 9 shows the slurry pH for Examples 15 to 17 and for 
Examples 4 and 13. Table 9 also shows, in each case, the 
magnitude of the increase in surface area (ISA) of 
resultant spray dried microgranules calcined at 800°C over 
the surface area of ESP dust calcined at 800°C. The trend 
evident in these results indicate that surface area of 
microgranules, calcined at 800°C or higher, may be 
manipulated by adjustment of slurry pH. These results 
also highlight the increase in surface area able to be 
achieved by pH control, with that increase resulting from 
an increase in solids content of only about a 5.8 wt% 
A1 2 0 3 equivalent. 



30 



TABLE 9 

Example 15 16 17 4 13 

Slurry pH 4 6 8 6 8 

SA (m 2 /g) 69.31 57.86 45.89 22.24 2.49 



35 



The a- alumina content of the microspheres of 
Examples 15 to 17 was determined using XRD. Table 10 
shows a relationship between a-alumina content and the pH 
of the slurry used for spray drying, as well as selected 
data for the ESP dust used. 



40 
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TABLE 10 

a-Alumina (%} 



ESP Ex.15 Ex.16 Ex.17 
(pH 41 fpH 6) (PH 8) 



10 



Nil 



13.0 



150 




10. 


.3 


11.0 


12, 


.0 


600 




12. 


.3 


15.0 


11, 


.0 


800 




12. 


.3 


15.0 


12, 


.0 


900 




14. 


.3 


15.0 


12, 


.0 


1000 




29. 


.0 


31.0 


22, 


.7 


1200 


67.7 


96. 


.6 


97.0 


82. 


.3 



From the data of Table 10/ it can be seen that 
a- alumina formation is low for microspheres calcined at 

15 temperatures of up to 900°C. Higher calcination 
temperatures produce an increase in a- alumina content 
with a maximum being reached of 97% a-alumina for 
microspheres formed with the slurry of Example 16 (pH 6) 
and subsequently calcined to 1200°C. The implication is 

20 that it is possible to form microspheres with a high 
a-alumina content, nominally at a calcination temperature 
of 1200°C, as also reflected by Table 10, whereas ESP dust 
per se does not fully convert to a-alumina when calcined 
under the same conditions. In this case, the size 

25 enlargement step, spray drying, has not only contributed 
to improved handleability of the alumina powder but has 
also enabled the final product to have a different 
morphology to that of the alumina powder starting material. 
The agglomerated alumina granules provided by the 

30 invention typically are well suited for addition to 
alumina fed to an electrolytic smelting operating for 
recovery of aluminium. The process of the invention thus 
is well suited for overcoming the problem of handling 
by-product ESP dust from a Bayer process operation. Also, 

35 the granules of the invention are suitable for use as 
"seeds" in the Bayer process for the precipitation of 
Al(OH> 3 from supersaturated sodium aluminate solution. 
In the latter context, it will be appreciated from Figures 
1 to 4 that the high surface area of the granules makes 

40 them highly suitable for providing nucleation sites for 
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that precipitation. However, the granules also are 
believed to be suitable for us in a variety of 
applications in ceramics manufacturing, given their good 
attrition resistance and, due to that resistance and their 
5 sphericity, the ease with which they are able to be 
screened to provide a required size fraction. 

Finally, it is to be understood that various 
alterations, modifications and/or additions may be 
introduced into the constructions and arrangements of 
10 parts previously described without departing from the 
spirit or ambit of the invention. 
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CLAIMS; 

1. A process for the agglomeration of powder or dust of 
alumina containing material (hereinafter referred to as 
5 "alumina powder**) , wherein an aqueous slurry of the 
alumina powder is formed, the slurry containing a 
sufficient quantity of an inorganic binder comprising a 
polymer form of a hydroxy salt of aluminium, and wherein 
the slurry is subjected to a spray drying operation to 
10 form agglomerated granules of the alumina powder, and the 
granules then are calcined at an elevated temperature for 
their consolidation; the alumina material comprising 
Al 2 0 3 .nH 2 0 where n is in the range of from zero to 3. 

15 2. A process according to claim 1, wherein the alumina 
powder comprises ESP dust* 

3. A process according to claim 1 or claim 2, wherein 
the alumina powder has an average particle size of less 

20 than 30pm. 

4. A process according to any one of claims 1 to 3, 
wherein the binder is one based on units of the form 

Ai x (OH> y < 3x -y> + . 

25 

5. A process according to claim 4, wherein the binder 
is formed by the action of a base on a suitable aluminium 
salt such as by the action of NaOH on aluminium chloride, 
nitrate, sulphate or oxalate, to form hydroxy aluminium 

30 species. 

6. A process according to claim 4, wherein the binder 
is formed by the action of an acid on a suitable aluminium 
compound, such as alumina trihydrate, to form hydroxy 

35 aluminium species. 

7. A process according to any one of claims 1 to 6, 
wherein the binder is aluminium hydr xychloride polymer. 

40 8. A pr cess according to any one of claims 1 to 7, 
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wherein the slurry has a pH of from 3 to 10. 



9. A process according to claim 8, wherein the slurry 
has a pH of from 3.5 to 8.5. 

5 

10. A process according to claim 8, wherein the slurry 
has a pH of from 4 to 8, such as from 4 to 6. 

11. A process according to any one of claims 1 to 10, 
10 wherein the binder is present in the slurry at up to 30 

wt%, in A1 2°3 solids equivalent, relative to the 
alumina powder content. 

12. A process according to claim 11, wherein the binder 
15 is present in the slurry at from 2.5 to 10 wt%, in 

A *2°3 solids equivalent, relative to the alumina 
powder content. 

13. A process according to any one of claims 1 to 12, 
20 wherein said alumina powder comprises essentially 

unactivated alumina and the slurry contains up to 60 wt% 
activated alumina. 

14. A process according to claim 13, wherein the slurry 
25 contains at least 5 wt% activated alumina. 

15. A process according to claim 14, wherein the slurry 
contains from 5 to 50 wt% activated alumina. 

30 16. A process according to any one of claims 13 to 15, 
wherein the activated alumina has an average particle size 
less than the average particle size of the essentially 
unactivated alumina. 

35 17. A process according to any one of claims 13 to 16, 
wherein the alumina powder comprises ESP dust having an 
average particle size of from 10pm to 30pm, and 
activated alumina having an average particle size of from 
2pm to 10pm. 

40 
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18. A process according to any one of claims 13 to 17, 
wher in the granules are subjected to ageing, by exposure 
to steam for a time sufficient to enhance their resistance 
to attrition, prior to calcining. 

5 

19. A process according to any one of claims 1 to 18, 
wherein the granules are calcined at a temperature of from 
600°C to 1200°C for a time sufficient to achieve 
consolidation. 

10 

20. A process according to claim 19, wherein the 
granules are calcined at a temperature of from 800°C to 
1200°C. 

15 21. Agglomerated fine alumina powder or dust, produced 
by the process of any one of claims 1 to 20. 
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